Abstract Accumulation of excess iron in heart can lead to cardiac dysfunction, which is the most common cause of death in thalassemia major patients. Biopsy is an invasive procedure and therefore not an ideal option to assess iron load. However, standard/usual non-invasive methods, such as ferritin measurement, have some limitations and the results show poor correlations with iron load. Magnetic Response Imaging (MRI-T2*), as a non-invasive and reliable method for iron load assessment in organs such as liver and heart, can be suggested as a favorable alternative. This cross-sectional study was implemented in Thalassemia and Hemophilia Clinic Center (Sarvar) affiliated with Mashhad University of Medical Sciences, Mashhad, Iran, from 2012 to 2013. After the approval of the research protocol by the local ethic committee, laboratory tests, including CBC and serum ferritin, were carried out, and echocardiography and heart and liver MRI-T2* were performed. All statistical analysis was done through SPSS software (version 11.5), using independent sample t test and Pearson's correlation coefficient test. A P value B0.05 was considered to be significant. 88 patients with the mean (±SD) age of 21.2 (±5.6) years, (range 11-37 years) were observed. Iron load was assessed using MRI-T2* with the following results: Out of 88 patients, 48.9 % had mild to severe cardiac siderosis, and 75.2 % had mild to severe liver siderosis. We demonstrated a correlation between liver MRI-T2* and serum ferritin, and heart MRI-T2* and ejection fraction. However, no correlation between liver and heart MRI-T2* was observed. Heart and liver siderosis is a common and serious problem in thalassemia major patients, and MRI-T2* as a sensitive and non-invasive technique can be used for early/timely detection of siderosis and good therapeutic monitoring in these patients.
Introduction
Thalassemias are a group of hemoglobin disorders characterized by a deficiency in the synthesis of one or more globin chains. They are the most common genetic disorder worldwide. The overall prevalence of thalassemia across different provinces of Iran is 3-100 per 100,000 people [1, 2] . b-Thalassemia major is a severe form of the disease which causes severe hemolytic anemia in infants and children. Frequent blood transfusion is therefore considered to be the basic treatment for these patients. Despite its lifesaving benefits, blood transfusion can cause further complications, particularly iron overload and hemochromatosis. Iron accumulation in heart leads to cardiac dysfunction, cardiomyopathy and heart failure, which is the most common cause of death in these patients [3] . The liver is also susceptible to early iron deposition. Liver iron overload, if not diagnosed and properly treated, rapidly develops into cirrhosis. In order to prevent hemosiderosis, iron has to be chelated and excreted.
There are several methods to assess iron burden in multitransfused thalassemic patients, including serum iron, transferrin saturation, serum ferritin, liver biopsy and Magnetic Resonance Imaging (MRI). However, these patients always show increased serum iron levels, and complete saturation of transferrin in early years of transfusion. Moreover ferritin has a poor correlation with body iron load. Several factors render ferritin an inaccurate marker of iron overload: ferritin, as an acutephase reactant, increases in cases of chronic infectious diseases, malignancies and/or inflammatory disorders; Moreover, Ascorbate deficiency can decrease the rate of ferritin synthesis and release. Consequently, patients with active hepatitis may have elevated levels of serum ferritin, which bear little or no correlation with iron burden [4, 5] .
Liver biopsy is considered to be the reference method for assessing total iron stores in thalassemia major patients. It is invasive, however, and the heterogeneity of iron distribution in liver may lead to inaccurate assessment and serious errors in diagnosis and treatment [6] . Additionally, liver biopsy results are usually poor indicators of cardiac iron load. They may show notable iron loading in liver when cardiac iron burden is, in fact, negligible (the same is true about cardiac biopsy results and their value in assessing liver iron load). Therefore, even with favorable liver biopsy results, cardiac siderosis may develop undiagnosed, only presenting itself with a heart failure [3] . Heart biopsy, as a method of iron load assessment, is invasive; and echocardiography is not sensitive enough to detect early cardiac functional abnormalities/disorders secondary to iron deposition [7] .
Magnetic Resonance Imaging (MRI-T2*), as a non-invasive technique, has been considered a reliable method for evaluation of iron deposition in different organs such as liver and heart. The Studies have demonstrated a good correlation between liver iron measured using MRI-T2* and that measured by liver biopsy [6, 8] . This technique can provide a reliable and non-invasive method for early detection of iron overload in body organs and also therapeutic monitoring of chelating drugs. In this study, we compared the diagnostic value of MRI-T2* in assessing cardiac and liver iron load in thalassemia major patients, with that of other usual methods of iron load assessment such as serum ferritin and echocardiography.
Materials and Methods
This cross-sectional study was implemented in Thalassemia and Hemophilia Clinic Center (Sarvar), affiliated with Mashhad University of Medical Sciences, Mashhad, Iran, from 2012 to 2013. Sarvar is the largest Center for diagnosis, registration and therapeutic monitoring of hemophilia and thalassemia patients in Northeast of Iran with about 20 years old. In this center all patients fallow from initiation of diagnosis until death. We only collected data as a cross sectional study in these years.
Up to this time, 300 thalassemia major, and 47 thalassemia intermedia patients have been registered in this center. The research protocol having been approved by the ethical committee of Mashhad University of Medical Sciences, and patients' informed consents obtained, the study was embarked upon. Patients with thalassemia major diagnosis aged nine and above, undergoing iron chelating therapy entered the study. The following cases were excluded: patients with severe heart failure and congenital cardiac anomalies; patients who had been undergoing iron chelating therapy for less than 6 months, and those unwilling to comply with the research protocol.
Patients were divided into two groups based on the type of chelating drug they had received. The first group (50 patients) was taking deferoxamine (desferal) 30-50 mg/kg at least five times per week, and the second group (38 patients) was under desferal and deferiprone (L1) treatment (deseferal 30-50 mg/kg three times per week and L1, 75 mg/kg daily). For all patients, the volume of transfused packed red blood cells (mL/kg) in the year preceding the MRI scan; and interval period of transfusion were calculated. Our criterion for transfusion was the hemoglobin threshold of 9 g/dL. Transfusion was administered at the volume of 10 cc/kg.
Laboratory tests including CBC and serum ferritin were measured and echocardiography and heart and liver MRI-T2* were performed. For performing of laboratory tests, before each blood transfusion, two milliliters EDTA-anticoagulated blood for CBC and three milliliters non-anticoagulated blood for serum ferritin measurement were taken. CBC and hemoglobin measurements were analyzed by cell counter (Sysmex KX-21N, Japan) and serum ferritin was measured by radio immune assay method (reference range 15-300 lg/L). Echocardiography was performed for all participants and ejection fraction (EF)-reference range 55-75 %-and fraction shortening (FS)-reference range 28-40 %-were calculated.
MRI-T2* (by Siemens Medical Solution, Erlangen, Germany) was carried out to determine iron burden in liver and heart before appearing clinical signs and symptoms. For liver MRI, a single breath-hold technique using a multiecho gradient echo (8-16 echoes) sequence and for heart a single midpapillary ventricular short-axis slice using a cardiac-gated, segmented and multiecho gradient echo (8 echo) sequence were obtained. In the heart MRI-T2*, conduction time more than 20 ms was considered as normal iron load, between 15 and 20 ms as mild, 10-14 ms as moderate and less than 10 ms as an indicative of severe myocardial siderosis [7] . In the liver MRI, iron load was also divided as normal (T2* [ 6.3 ms/\ 2 mg Fe/g dry weight), mild (T2* = 2.8-6.3 ms/2-5 mg Fe/g dry weight), moderate (T2* = 1.4-2.7 ms/5-10 mg Fe/g dry weight) and severe (T2* = \ 1.4 ms/[ 10 mg Fe/g dry weight) [7, 9] .
Statistical Analysis
Data were analyzed by SPSS software (version 11.5). First, descriptive and then comparative analyses of variables were performed. The mean of continuous variables with normal distribution were compared, using an independent sample t test and a Pearson's correlation coefficient test and variables with non-normal distribution, using non-parametric equivalents, Mann-Whitney and Spearman's tests. A P value B0.05 was considered to be significant.
Results
After application of exclusion criteria, from 300 thalassemia major patients registered in Sarvar Center, 88 entered the study. 50 cases were undergoing deferoxamine treatment, and 38 were under deferoxamine and deferioprone therapy. Among patients, 45 cases were male and 43 cases were female with no significant difference (P value \ 0.831). Table 1 shows general characteristics of patients. Mean (±SD) of serum ferritin in the multiple measurements in this period was 4057 (±4056) lg/L. 22.7 % of patients had ferritin levels less than 1500 lg/L and 57 % showed severely increased ferritin levels (ferritin level [ 2500 lg/L). Patients were undergoing treatment of desferal for 14.5 (±4.14) years, and L1 with desferal for 1.97 (±0.94) years. Table 2 shows severity of iron load in the heart and liver. As shown in the table, 51.1 % of patients had normal cardiac iron load; 14.8 % showed normal liver iron load, and 75.2 % had mild to severe siderosis. Mean (±SD) iron in liver was 6.37 (±3.22) mg Fe/g dry weight, ranged from 0.31 to 13.9. Out of 22 cases with severe cardiac siderosis, only 8 (36 %) had liver siderosis. Conversely, out of 11 cases with severe liver siderosis, concomitant cardiac siderosis was observed in 8 cases (72 %). Out of the total 88 cases, only in 24 (27 %) the heart and liver siderosis were of similar severity (i.e. normal/normal, mild/mild, moderate/moderate, severe/severe). In 63 cases (73 %) the severity of heart and liver siderosis did not correspond.
In echocardiography, 78 (88.7 %) patients had normal EF and FS values; abnormal values were observed only in 10 (11.3 %). Out of 10 patients with abnormal EF and FS, normal iron load was observed in 2 (20 %), 1 (10 %) patient showed mild iron overload and 7 (70 %) severe iron overload. Out of 78 patients with normal EF and FS in echocardiography, normal iron load in 43 (55.1 %), mild iron overload in 9 (11.5 %), moderate in 11 (14.1 %) and severe in 15 (19.2 %) patients were observed. As shown by linear regression analysis in Fig. 1, Pearson' s correlation coefficient test demonstrated a significant correlation between severity of heart iron load and EF (r = 0.432, P = \0.001) and FS (r = 0.297, P = 0.005). We observed a decrease in EF and FS with increase in severity of iron load (decrease in T2*) in heart. We did not observe any correlation between MRI-T2 of heart and age (r = 0.018, P = 0.872), mean of hemoglobin measurements (r = -0.1, P = 0.354), transfused blood volume (r = 0.098, P = 0.362) and duration of desferal administration (r = 0.052, P = 0.631); however, between MRI-T2* (ms) of heart and mean of ferritin measurements a negative correlation was seen (r = -0.257, P = 0.015). This showed a direct correlation between serum ferritin concentration and heart iron load.
We did not observe any correlation between liver MRI-T2* and age (r = 0.052, P = 0.629), mean of hemoglobin measurements (r = 0.043, P = 0.688), transfused blood volume (r = 0.207, P = 0.053), duration of desferal administration (r = 0.085, P = 0.431) and EF or FS. However, between MRI-T2* of liver and mean of ferritin values a negative correlation was seen (r = -0.547, P = \0.001; Fig. 1 ). This showed a direct correlation between mean of serum ferritin concentration and liver iron load. Data analysis also did not show a correlation between liver and heart MRI-T2* (r = 0. 186, P = 0.083; Fig. 1 ). In desferal group, we observed a correlation between heart MRI-T2* and EF (r = 0.490, P = \0.001), FS (r = 0.460, P = \0.001) and serum ferritin (r = -0.411, P = 0.003). However, we did not observe any correlation between liver MRI-T2* and heart MRI-T2* (r = 0.71, P = 0.617). In addition, a negative correlation between liver MRI-T2* and serum ferritin was observed (r = -0.447, P = 0.001) in this group. In desferal plus L1 Fig. 1 a and b show Correlation between heart MRI-T2* and EF (r = 0.432, P = \0.001) and FS (r = 0.297, P = 0.005), c shows correlation between liver and heart MRI-T2* (r = 0.186, P = 0.083) and d shows correlation between liver MRI-T2* and mean of ferritin concentration (r = -0.547, P = \0.001) in 88 thalassemia major patients demonstrated by linear regression line. Data plotted on double log paper group, analysis showed a correlation between heart MRI-T2* and EF (r = 0.457, P = 0.004), serum ferritin (r = -0.433, P = 0.007) and liver MRI-T2* (r = 0.339, P = 0.037). There was also a negative correlation between liver MRI-T2* and serum ferritin. Echocardiography of patients demonstrated abnormal results in 10 (11.4 %) patients and normal results in 78 (88.6 %) patients. Mean of heart T2* (ms) was lower in patients with abnormal results in echocardiography, compared to patients with normal results (P = 0.049). However, mean of liver T2* (ms) did not show any significant differences with echocardiography results (P = 0.272).
Discussion
Cardiac siderosis and cardiomyopathy is the main cause of death in thalassemia major patients. This complication is reversible by an appropriate iron chelation therapy [10] . We observed a correlation between serum ferritin, and EF and FS; however, taking into account reasons mentioned earlier, the correlation is too weak to support ferritin as a reliable marker of cardiac iron load. As shown in Fig. 1 and also based on other studies [11] , cardiac iron load cannot be predicted simply by using liver iron load as an indicator. In addition, echocardiography can demonstrate dysfunction of heart only in patients with advanced disease [12] . We observed abnormal echocardiography results in 11.4 % patients. Additionally, chronic anemia results to cardiac dysfunction by the basal high cardiac output [12] . In line with the results of a study by Fragasso et al. [13] we found a positive correlation between T2* and EF/FS. As mentioned above, compared to ferritin measurement, heart MRI has fewer limitations. Therefore, as a noninvasive method, it can be used to detect iron overload much earlier in patients who need intensive iron chelating therapy, and as a result, decrease mortality of thalassemia patients [14, 15] .
Our results demonstrated a substantial prevalence of heart iron overload in regularly transfused patients undergoing chelating therapy (Table 2) . Severe myocardial siderosis (T2* time \ 10 ms), which if undiagnosed can cause heart failure, was observed in 25 % of patients. MRI-T2*, as a valuable prognostic method can be used to detect myocardial siderosis timely enough to take appropriate preventive measures, such as chelating therapy, and hopefully lower the risk of mortality and morbidity in these patients. Severity and frequency of heart iron overload are different among the various countries. For example a study in China by Yang et al. on MRI-T2* assessment of heart iron overload in thalassemia major patients showed that cardiac siderosis could occur at lower ages than was earlier reported. They suggested that the first assessment of heart MRI-T2* should be done as early as 6 years of age [16] . In other study by Carpenter et al. [10] for evaluation of cardiac iron load by MRI-T2*, 43.4 % of their patients had a myocardial T2* value less than 20 ms (mild to moderate iron over load) and 20.6 % having a T2* value less than 10 ms (severe iron load). We also observed mild to moderate and severe myocardial iron over load in 23.9 and 25 %, respectively (Table 2 ). In a study by Merchant et al. for evaluation of heart iron load by MRI on 60 thalassemia patients in India, similar results were observed. In this study, no cardiac siderosis in 50 %, mild to moderate in 33.3 % and severe cardiac siderosis in 16.7 % were observed [17] . One major factor affecting geographical distribution in heart iron overload is volume of transfused blood and efficacy of iron chelation therapy [10] . Our study also like study by Yang et al. showed a correlation between serum ferritin and heart MRI-T2*.
Liver iron concentration by biopsy is the reference method for the measurement of liver iron load; however, it is invasive and not very helpful in detecting iron load in other organs. Additionally, liver cirrhosis and method of biopsy processing could affect the iron concentration of tissue sections. An alternative method of the liver biopsy for the measurement of the liver iron is MRI [12] . Sarigianni et al. in a systematic review and meta-analysis, published recently, reported that MRI-T2* has a good diagnostic accuracy (sensitivity of 96 % and specificity of 80 %) for detecting patients at risk for iron load complications or requiring titration of chelation drugs. They mentioned this method could safely rule out iron overload (LR-, 0.05); nonetheless, it was moderately useful to confirm a definite diagnosis (LR?, 4.86). They concluded that, given the paucity of good studies on the calculation of diagnostic accuracy of MRI-T2*, further well-designed studies adopting standardized MRI protocols are necessary [18] . Based on our results, 85.2 % of patients showed mild to severe liver iron overload, and 12.5 % had severe liver siderosis (Table 2) . Merchant et al. [17] using MRI assessment, also demonstrated liver siderosis in 90 % of thalassemia major patients; however, they observed severe liver siderosis in 53 %. This is a high frequency of severe liver sidrosis and may be due to incomplete chelating therapy in these Indian patients.
Our results did not demonstrate a correlation between liver and heart iron load assessed by MRI-T2*. Results from a study by Deborah Chirnomas et al. [9] on 66 transfusion dependent anemia patients, also using MRI-T2* as an assessment method, did not show such a correlation either. This result is also consistent with those obtained by other studies [11, 17, 19] . In another study, Deborah Chiornomas et al. [9] found a poor correlation between liver and heart iron load assessed by MRI-T2* in patients with transfusion dependent anemia. Poor association between liver and heart iron load may be due to the differences in cellular iron transport and deposition in these organs [9] . Our results, in line with those obtained by these studies, showed that assessment of liver iron level alone is not sufficient for chelation adjustments and for the good therapeutic monitoring of iron load, both liver and heart MRI are advised.
Although serum ferritin is not a reliable marker of iron load, complications of iron overload can be notably avoided if ferritin levels are kept less than 1500 lg/L. Risk of developing complications rises significantly in patients with serum ferritin levels of 2500 lg/L or above [5] . 57 % of our patients had ferritin levels equal to or above this value. Our results also confirm the correlation between serum ferritin and liver and heart iron concentration reported in other studies (Fig. 1) [5] . However, some studies did not show a correlation between serum ferritin and cardiac iron overload [17] . In addition, according to MRI results (Table 2) , 65.9 % of our patients had moderate to severe liver siderosis that was comparable with patients with severe increase in serum ferritin.
Iron overload is the main cause of mortality in thalassemia major patients; therefore, iron chelating therapy is a critical step in their management. Nichols-Vinueza et al. [20] in a study on MRI-T2* as a method to assess liver and heart iron load in thalassemia major patients, showed that annual MRI-T2* assessments are helpful to determine appropriate changes in chelating therapy dosing. Kolnagou et al. in a study compared the effectiveness of desferal treatment and desferal combined with L1, using liver MRI-T2* and serum ferritin as assessment methods. The results, in line with those obtained by other studies [21] , confirmed combination therapy as the more effective treatment [22] . However, we did not observe any correlation between heart and liver MRI assessment results and the two treatment groups. This might be due to the shorter period of combination therapy administered to our patients.
Mean age and age range of our patients (Table 1) were lower than thalassemia major patients studied by Merchant et al. (mean age: 17, age range: 6-26) [17] . This could be an indication of our better management of complications, iron load in particular, in our patients. Like Merchant et al. we did not observe any correlation between age, transfused blood volume and type of chelation therapy with cardiac or liver siderosis.
Conclusion
Our results show that, in spite of chelating therapy and good monitoring, heart and liver siderosis is still a common and seriously persistent problem, accounting for a considerable number of deaths in thalassemia major patients. Therefore, its early detection by a sensitive and noninvasive method such as MRI-T2*, combined with appropriate chelating therapy, can significantly lower the mortality rate in these patients.
